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Occurrence and cultural features of Streptococcus
miller in various body sites
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SUMMARY An investigation was made into the habitat of commensal strains of Streptococcus
millen. These showed distinctive patterns of cultural features, dependent on their sites of origin,
which were compared with those prevalent in strains grown from the appendix, 'anal' lesions, and
Bartholin's abscesses. A biotype, which showed a marked affinity for the vagina and produced acid
from raffinose and melibiose, was identified.

Streptococcus miller is an important cause of
purulent disease, being the streptococcus most often
isolated from such lesions in internal organs
(Parker and Ball, 1976). Described originally in
abscesses of the oral cavity (Guthof, 1956), it has
been found in abscesses of the liver (Bateman et al.,
1975; Reid and Davidson, 1976) and in the central
nervous system (De Louvois et al., 1977; Melo and
Raff, 1978) as well as in appendicitis (Poole and
Wilson, 1977), peritonitis, empyema, meningitis, and
other pus-forming lesions (Parker and Ball, 1976).
The presence of group F streptococci, which were
probably Strep. miller, has likewise been observed
on many occasions in similar lesions (Thomas,
1939; Rantz, 1942; Wheeler and Foley, 1943;
Foley, 1947; Koepke, 1965; Wort, 1975; Bannatyne
and Randall, 1977). The anatomical distribution of
disease associated with these streptococci suggests
that a number originate in the gut (Wort, 1975;
Parker and Ball, 1976), an observation supported by
the isolation of Strep. miller from the normal as
well as the inflamed appendix (Poole and Wilson,
1977), and of group F streptococci from faeces
(Hare and Maxted, 1935). Their presence on teeth
(Phillips et al., 1976; Mejaire and Edwardsson, 1975)
and in dental root canals (Ottens and Winkler, 1962)
is a potential source of dental sepsis, which in turn
has been related to the development of brain abscess
(Ingham et al., 1978). Group F streptococci have
been observed in the nasopharynx (Hare, 1935), in
the throat (Long et al., 1934), and in the vagina
(Lancefield and Hare, 1935; Wort, 1975). Information
on the occurrence of Strep. miller is, however, by no
means complete and the subject merits further
investigation.
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Methods

Specimens examined for the presence of Strep.
millen included extracted teeth obtained from 52
patients, 25 of whom had normal teeth and 27
dental caries; 71 throat swabs, which had yielded
a normal flora on routine examination and which
originated from persons in whom there had been
no recent treatment with antibiotics; 225 unselected
vaginal swabs; and faeces or rectal swabs from 184
persons. One hundred and fifty-two of the specimens
of faecal origin were obtained during screening for
the carriage of gastrointestinal pathogens; these
formed a normal group. The remaining 32 specimens
were from patients suffering from peritonitis,
resultant on varying abdominal pathology.

All specimens were inoculated into Todd-Hewitt
broth containing 7% lysed horse blood, 30 mg/l
nalidixic acid, and 50 mg/l sulphadimidine. The
inoculated broths were incubated in 10% C02 in
air at 370C for 24 hours and then subcultured to
blood agar and to neomycin blood agar (50 mg/l
neomycin) for further similar incubation. The plates
were examined, and colonies suspected of being
Strep. miller were subcultured for purity and identi-
fied by methods previously described (Poole and
Wilson, 1976; 1977). The isolates obtained were
compared with strains of Strep. miller cultured
during the course of routine microbiological
examination and similarly characterised-from four
dental abscesses, 26 appendices, 19 purulent lesions
adjacent to the anus, and three Bartholin's abscesses.

In addition to the characterisation tests used in
our previous investigation, 170 strains of Strep.
miller were examined for the ability to produce acid
from melibiose and for the production of hyaluroni-
dase. The presence of hyaluronidase was determined
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using the method of Oakley and Warrack (1951),
substituting bovine for horse synovial fluid.

Results

The enrichment broth used to encourage the growth
of Strep. miller was of most value in the examination
of faecal specimens, in which it largely eliminated
Gram-negative bacteria and allowed Strep. miller,
if present, to multiply more or less unimpeded,
subculture frequently producing abundant growth.
This was especially marked in specimens originating
from patients with peritonitis. Strep. miller was
easily distinguished from sulphonamide-resistant
enterococci likewise enriched by the broth. The
broth was less effective, although still useful, in the
culture of vaginal swabs, Strep. miller generally
being present in only very small numbers on sub-
culture compared with enterococci which grew
profusely. In the examination of teeth and throat
swabs, the irrelevant flora was diminished only
marginally, the growth of other small streptococci
resistant to sulphonamide being similarly enhanced
by the enrichment method used. Careful search of
subcultures was required to distinguish the relevant
colonies.

Table 1 Number andpercentage ofisolates ofStrep.
milleri by source, subdivided by age

Source No. of Strep. miller
patients

No. %

Teeth
Normal All ages 25 7 28-0
Caries All ages 27 10* 37-0

Throat All ages 71 22 31-0
<Syr 15 0
5-14 yr 12 3 25-0
> 15yr 44 19 43-2

Faeces All ages 160 24 15-0
Normal < 5yr 31 0

5-14yr 13 2 15 4
> 15yr 116 22 18-9

Peritonitis All ages 32 1 5 46-9
Vagina All ages 225t 41 18-2

15-44yr 154 25 16-2
>45yr 40 11 27 5

* 1 patient, 2 strains.
t31 age unknown.

Table 1 shows the distribution of Strep. miller
at various sites. There was no significant difference
in isolation rate between patients with normal teeth
and with dental caries. The occurrence of Strep.
millen in throat and faeces is shown in three age
groups. When isolates in the < 5 and 5-14 year age
groups are combined, the difference between them
and the > 15 group is significant for isolates from
both throats (P < 0-01) and faeces (P < 0-05).

The difference is due almost entirely to the absence
of positives in those under 5 years, rates in the other
age groups not being significantly different. The
very much more frequent presence of Strep. miller
in faeces of patients with peritonitis compared with
the normal group is highly significant (P < 0-001).
There was no significant difference in isolation rate
from the vagina by age. Strep. miller occurred twice
as frequently in the female throat (36 0%) as in the
male (19-0%). Sex did not, however, affect the
isolation rate from teeth or faecal material.

In all, 172 strains of Strep. miller were available
for investigation (Table 2). They included 120
isolates from sites specifically examined for its
presence, and 52 isolates made from material
routinely submitted to the laboratory for culture.
Nine (5f2 %) strains carried the antigen of group A,
12 (7-0%) group C, 83 (48-3%) group F, and 15
(8f7 %) group G. Fifty-three (30f8 %) were non-
groupable with these antisera. Both groupable and
non-groupable Strep. miller were widely distributed
throughout the various sites. Strains of groups A
and G each accounted for one-fifth of the isolates
from the throat. Group F streptococci predominated
in teeth, faeces, anal lesions, and vagina. Group F
strains were, however, found in only one-quarter of
the appendices and seldom in the throat. At these
two sites non-groupable strains prevailed.
Approximately one-quarter of all isolates were

haemolytic. Haemolytic strains occurred most
commonly in teeth, throat, and anal lesions. Their
prevalence in teeth and throat may have been
influenced by the relative difficulty in identifying
Strep. miller at these sites, compared with the sites
for which the selective methods used were rather
better suited.

Just over one-quarter of the isolates of Strep.
miller produced acid from both raffinose and
melibiose. The raffinose+ /melibiose+ biotype
(R+ /M +) accounted for the majority of strains
from the vagina, and all those found in Bartholin's
abscesses. One-quarter of the faecal strains were
likewise R+/M +. This characteristic was absent
in isolates from the throat and appendix. Strains
giving the R+ /M+ reaction were found in group F,
group G, and non-groupable strains (Table 3), and
occurred three times more frequently in non-
haemolytic than in haemolytic strains.

Table 3 also shows the strongly positive association
between the production of hyaluronidase and hae-
molysis, this being most marked in groups containing
the A, C, and F antigens. This finding reflects the
observation (Colman and Williams, 1972) that
haemolytic strains of group F produce this enzyme,
while it is unusual for non-haemolytic Strep. miller
to do so.
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Table 2 Some culturalfeatures of172 strains ofStrep. milleri andpercentage ofstrainsgiving stated reaction,
by site ofisolation

Teeth Dental Throat Normal Peritonitis 'Anal' Appendix Vagina Bartholin's All
abscess faecal faecal lesions abscess sites

(n = 18) (n = 4) (n = 22) (n = 24) (n = 15) (n = 19) (n = 26) (n = 41) (n = 3) (n = 172)

Lancefield group
A 1(55) 0 4(18-2) 1(4.2) 1(6-6) 1(5-2) 1(3-8) 0 0 9(5-2)
C 0 0 3(13-6) 2(8 3) 2(13-3) 2(10-5) 2(7 7) 1(2-4) 0 12(7-0)
F 12(66-6) 1(25-0) 3(13-6) 11(45-8) 7(46-6) 11(57-9) 7(26-9) 29(70 9) 2(66-6) 83(48-2)
G 0 1(25-0) 4(18-2) 0 1(6-6) 4(21-0) 3(115) 1(2-4) 1(33-3) 15(8-7)

Non-groupable 5(27 7) 2(50-0) 8(36-4) 10(41-6) 4(26 6) 1(5-2) 13(50-0) 10(24-4) 0 53(30 8)
Haemolytic 12(66-6) 2(50 0) 9(40 9) 6(25-0) 5(28-2) 8(42-1) 3(11-5) 2(4 9) 0 47(27 3)
Non-haemolytic 6(33 3) 2(50 0) 13(59-0) 18(75-0) 10(66-6) 11(57-9) 23(88 5) 39(95-1) 3(100) 125(72-6)
Acid production 1(5-5) 1(25-0) 0 6(26-1) 4(26 6) 2(10-5) 0 30(73 2) 3(100) 47(27-3)
from raffinose
+ melibiose

*Pattern of main HAEM - haem haem haem haem f F F
features F ng f f F NG R+/M+ R+/M+

ng ng ng
r+/m+ r+/m+

*Upper case: 50% + strains show features. Lower case: 25-49% strains show features.
F = group F; Ng = non-groupable; R+/M+ = acid production raffinose + melibiose; HAEM = haemolytic.

Table 3 Acidproductionfrom raffinose and melibiose andproduction ofhyaluronidase in 170* strains ofStrep. milleri.
Numbers andpercentages ofstrains giving stated reaction by Lancefieldgroups andhaemolytic reaction

Lancefield group

A C F G Non-groupable Total
(n = 9) (n = 11) (n = 82) (n = 15) (n = 53) (n = 170)

H NH H NH H NH H NH H NH H NH

Total strains 2 7 3 8 20 62 7 8 13 40 45 125
R+/M+ 0 0 0 0 2 32 3 1 0 9 5 42

(10 0) (51-6) (42 8) (12 5) (22 5) (11 1) (33 6)
Hyaluronidase 2 0 3 0 15 1 0 2 10 16 30 19
production (100) (100) (75 0) (1-6) (25 0) (76 9) (400) (66-6) (15-2)

*Two strains did not grow well enough for results to be included.
H = haemolytic; NH = nonhaemolytic.
Percentages are given in parentheses.

Discussion

We have found Strep. miller in 20% overall of
potential carrier sites investigated, indicating that
it is a widely distributed human commensal. Parker
and Ball (1976) observed a tendency for isolates
of Strep. milleri from patients with bacteraemia or
purulent lesions to occur more frequently in the
male, and to become more numerous with increasing
age. We have been unable to demonstrate any
consistent association between sex and colonisation
at the various sites, and have found no significant
difference in the occurrence of these streptococci
between older children and adults. This is similar
to our previous finding (Poole and Wilson, 1977)
that their occurrence in the appendix is independent
of age. Their absence from children under 5 years
in the present study is, however, consistent with the

rarity of their isolation from lesions in very young
babies (Parker and Ball, 1976).
We have identified Strep. miller in 31 % of all

throat swabs, a result which differs considerably
from the findings of Guthof (1956). who was unable
to demonstrate these streptococci in the nasopharynx.
and of Mejare and Edwardsson (1975), who grew
them from less than 1-0% of material sampled from
the oral cavity. However, the nine haemolytic
strains described here represent an isolation rate of
12%, resembling the observation of Long et al.
(1934), who found haemolytic strains in 6-8% of
normal throats. It far outstrips our own previously
estimated isolation rate of 0-6% haemolytic strains
at this site (Poole and Wilson, 1976). Likewise the
three strains of group F found by us indicate an
occurrence in the throat 100 times more frequent
than that noted by Wort (1975).
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One-third of the teeth examined in this study
yielded Strep. milleri, a finding consistent with the
work of Mejiare and Edwardsson (1975), who grew
these streptococci in up to 50% of material from
the gingival pocket and in 25% of that from supra-
gingival plaque.
There is little information with which to compare

our isolation rates from normal faeces other than the
observation of Hare and Maxted (1935) that hae-
molytic strains of group F occurred in the faeces of
5% of normal puerperal women.
Although the presence of Strep. milleri has been

noted in the vagina previously, there are no isolation
rates available with which to compare our results.
While we were unable to demonstrate any significant
difference in occurrence at this site between younger
and older women, our results showed a trend towards
increased colonisation with age. The present study,
however, confirms our previous observation (Poole
and Wilson, 1976) of the rarity of haemolytic strains
at this site.
A consideration of the cultural characteristics of

streptococci from the different sites reveals that
some features occur more frequently than others,
depending on the origin of the strains. They form
patterns (Table 3), which are distinct for each site
and which may in theory provide a clue as to the
source of streptococci found in purulent lesions.
The outstanding feature is the occurrence of R+/
M+. The presence of this biotype directs attention
primarily to the vagina, where the majority of strains
are non-haemolytic, group F, and R+/M+. The
culture of R+ /M + from Bartholin's abscess is
consistent with a vaginal source of infection on
both anatomical and biochemical grounds. Strains
found in 'peritonitis' faecal material likewise resemble
those occurring in normal faeces. Most are non-
haemolytic, of either group F or non-groupable,
and a similar percentage are R+ /M+.
The increased isolation rate from faeces in the

presence of peritonitis parallels the increase found
in the inflamed appendix when compared with the
normal organ (Poole and Wilson, 1977). The
interpretation of this finding is obscure. Possibly
it is a result, rather than a cause, of inflammation,
since on checking records of individual patients, we
found that strains of Strep. milleri isolated from
faeces frequently differed from those in the peritoneal
lesion in both Lancefield group and cultural features.
Sometimes Strep. milleri were not even cultured
from the corresponding peritoneal lesion. It might
be expected that isolates from the appendix and
from 'anal' lesions would likewise reflect those found
in the faeces. This was not always so.

Strains from 'anal' lesions were more commonly
haemolytic, and while group F predominated,

non-groupable strains were rarely found. On the
other hand, group F streptococci formed only one-
quarter of the strains grown from the appendix,
while here, as in our previous investigation (Poole
and Wilson, 1977), non-groupable strains accounted
for half the isolates. The biotype R+/M + was
present only occasionally in 'anal' lesions and was
not found in the appendix.
There were too few dental abscesses for a com-

parison of streptococci isolated from such lesions with
strains found in teeth. Here the majority were hae-
molytic and group F abounded, whereas in the
anatomically adjacent throat fewer were haemolytic,
group F occurred infrequently, and the strains were
more evenly distributed throughout all the groups.
Almost half of our strains which carried group A
antigen were grown from the throat, leading one to
speculate that any isolations of group A from
purulent lesions may well have had their origin
at this site. However, despite the existence of
characteristic patterns of cultural features in the
various sites, the differences are not so marked
between individual strains, with the result that any
conclusion as to the original source of infection
must inevitably be tenuous.

We thank Mr J. Lobb, of the Epidemiological
Research Laboratory, Colindale, for statistical
assistance.
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